Activational Rather Than Navigational Effects of Odors on Homing of Young Pigeons  by Jorge, Paulo E. et al.
Current Biology 19, 650–654, April 28, 2009 ª2009 Elsevier Ltd All rights reserved DOI 10.1016/j.cub.2009.02.066Report
Activational Rather Than Navigational
Effects of Odors on Homing
of Young PigeonsPaulo E. Jorge,1,2,* Alice E. Marques,3 and John B. Phillips2,*
1Centro de Biologia Ambiental
Museu Nacional de Historia Natural
Universidade de Lisboa
Rua da Escola Politecnica 58
1250-102 Lisboa
Portugal
2Department of Biological Sciences
Virginia Tech
4100 Derring Hall
Blacksburg, VA 24061-0406
USA
3Centro de Biologia Ambiental
Faculdade Cieˆncias
Universidade de Lisboa
Rua Ernesto Vasconcelos, edifı´cio C2, 3 piso
1749-016 Lisboa
Portugal
Summary
Olfaction plays many well-established roles in vertebrate
sensory perception [1, 2]. More controversial is the claim
that olfactory cues underlie the large-scale geographic
‘‘map’’ sense used by birds and other vertebrates [3, 4].
The most common procedure used to investigate the role
of odors in avian homing is to experimentally produce
anosmia and/or block access to natural odors [4, 5].
Although by no means universal in their results, many of
these experiments have shown disorientation and/or
decreased homing success [6–8], generally interpreted as
evidence for the olfactory map hypothesis. Here, in addition
to control (CO) birds exposed to natural odors and birds
deprived of odors (‘‘no odor’’; NO) during displacement to
unfamiliar release sites, we included a group exposed to arti-
ficial odors (‘‘novel odors’’; NV) that could not provide navi-
gational information [9]. Although all groups had access to
natural odors at release sites, the vanishing bearings of
NO birds were disoriented, whereas those of NV birds were
homeward oriented and indistinguishable from those of
CO birds. These findings show that odors, rather than
providing navigational information, activate a nonolfactory
path integration system.
Results and Discussion
We carried out experiments with inexperienced young birds,
which have been shown to rely heavily on route-based map
information (i.e., path integration) [10]. Young birds were
exposed to olfactory cues during displacement from the
home loft to unfamiliar release sites. A control (CO) ‘‘natural
odors’’ group was exposed to outside air, a ‘‘no odor’’ (NO)
group was exposed to synthetic air containing no natural
odors, and a ‘‘novel odors’’ (NV) group was exposed to
*Correspondence: pajorge@fc.ul.pt (P.E.J.), jphillip@vt.edu (J.B.P.)synthetic air into which we introduced an artificial odor that
was changed every 5–6 min (see Experimental Procedures).
Birds were tested first at four release sites arrayed symmetri-
cally around the home loft at a distance of w8 km. A total of
215 vanishing bearings were obtained in eight releases (two
at each site). To compare the effects of olfactory exposure
during displacement on birds with more flight experience,
which have been shown to rely primarily on map cues obtained
at the release site, we carried out a comparable set of eight
releases at a distance of w24 km (219 vanishing bearings
were obtained in eight releases). All pigeons were 8–10 weeks
old at the time of release (see the Supplemental Data available
online).
The initial orientation and homing times and success of the
three treatment groups in the 16 releases carried out at 8 km
and at 24 km are shown in Tables S1 and S2. The mean vectors
obtained in the eight releases at each distance are plotted as
deviations from the home direction in Figures 1A and 1B. It is
well documented that pigeons exhibit consistent errors in
initial orientation at some release sites [11, 12]. These errors
are thought to result from differences in the map information
obtained during displacement to [13–16] or after arrival at
[17] the release sites. Therefore, to determine whether birds
deprived of odors (NO) or exposed to artificial odors (NV)
were relying on the same type of map information as controls
(natural odors; CO), the mean vectors calculated from vanish-
ing bearings of the two experimental treatment groups in each
release were plotted as deviations from the mean control
direction (Figures 2A and 2C; Figures 3A and 3C). We also
compared the component of the mean vectors of the two
experimental treatment groups that coincided with that of
controls in each release (Figure 2B; Figure 3B).
Pigeons released at the four 8 km sites were inexperienced
and therefore were expected to rely primarily on route-based
cues (i.e., path integration) to determine their location relative
to home [10]; due to the relatively short distances of these
releases, the pigeons may have relied on familiar or unfamiliar
path integration cues, or some combination of the two. When
the mean vectors from the eight releases (Table 1) were pooled
(Figure 1A), CO and NV birds were significantly oriented in the
homeward direction, whereas NO birds failed to exhibit
consistent orientation. When the mean bearings of the two
experimental groups were plotted as deviations from the
mean bearing of controls, NV birds exhibited significant orien-
tation that coincided with that of CO birds (Figure 2A), whereas
NO birds failed to exhibit a consistent direction of orientation
relative to CO birds (Figure 2C). A comparison between the
two experimental groups showed significant differences in
their preferred directions (Watson U2 test, U2 = 0.262, p <
0.01) and concentrations around the mean bearing of the
control group (Wilcoxon matched pair test, z = 2.52, p < 0.05).
Because the same sequence of odors was used during
displacement to each of the four 8 km release sites and
because the four sites were located symmetrically around
the home loft, natural sources of one or more of the artificial
odors cannot account for the consistent orientation of NV
birds relative to home or relative to the mean vanishing bear-
ings of control birds (Figure 1; Figure 2A). Moreover, the
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for the homeward orientation of the NV group (e.g., by causing
the birds to pay greater attention to olfactory map information
at the release site after release) because the NO treatment
group that was also deprived of odors during displacement
was not homeward oriented (Tables S1 and S2). Therefore,
the similarity of the orientation of NV birds to that of controls
(Figure 1; Figure 2A) was not caused by the use of olfactory
map cues perceived either during displacement or at the
release site.
Although birds in all three treatment groups had access to
potential sources of both olfactory and nonolfactory naviga-
tional information at the release sites (and were exposed to
any motivational or activational effects of natural odors at
these sites), the NO birds did not orient in the homeward direc-
tion (Table 1) or in a direction coinciding with that of the natural
odors (CO) controls (Figure 2C). Therefore, the disorientation
of NO birds was due not to a lack of map information obtained
at the release site but rather to a failure to acquire nonolfactory
Figure 1. Initial Homeward Orientation
(A) Releases performed at 8 km.
(B) Releases performed at 24 km.
Symbols plotted on the periphery of the circle represent
mean vanishing directions obtained in individual releases:
:, control (CO) group; d, novel odor (NV) group; B, no
odor (NO) group. Arrows show the grand mean vectors for
each of the treatment groups (calculated from the distribu-
tion of mean vector bearings from the eight releases);
mean direction (a) and mean vector length (r) are listed at
the bottom of the circle for each of the groups. *p < 0.05,
**p < 0.01, ***p < 0.001 by Rayleigh test.
Figure 2. Initial Orientation of Experimental Birds Released at 8 km Having the Control as Reference
(A and C) Orientation of novel odors (NV, [A]) and no odor (NO, [C]) groups (mean vectors and vanishing directions) relative to controls. Solid symbols plotted
outside of the circular diagrams indicate the mean vanishing directions from the eight releases. The arrow at the edge of each diagram indicates the mean
direction of the control group in each test. Dashed lines indicate the 95% confidence interval. Vectors radiating out from the center of each diagram indicate
the mean vectors of the experimental group plotted as deviations from controls. The grand mean vanishing bearing (a) and mean vector length (r) calculated
from the distribution of mean vector bearings from the eight releases are given at the bottom of each distribution.
(B) Controlward components. Left side shows results from the NV group; right side shows results from the NO group. White squares represent the mean
homeward value; black rectangles represent the standard error = (S2/n)0.5, where S2 is the population variance and n is the population size; and whiskers
represent the standard deviation = (S(xi 2 m)/n)
0.5, where m is the population mean and n is the population size.
navigational information (i.e., visual, magnetic,
and/or inertial cues) during displacement to the
release site. Because the artificial odor sequence
could not provide olfactory map information (see
above), only the novelty of the artificial odors and/or their
distinctiveness from odors experienced in the vicinity of the
home loft can account for the similarity in the orientation of
the NV and CO groups (Figure 2A). Therefore, exposure to
‘‘nonhome’’ odors (either natural or artificial/NV) appears to
have an activational effect on the path integration system
used by inexperienced young homing pigeons to determine
the home direction [10].
At the 24 km release sites, all three treatment groups ex-
hibited significant homeward orientation. There was a signifi-
cant difference between the CO and NO groups (Table 1),
which was primarily due to differences in scatter within the
individual releases (see below). The distributions of mean
bearings from the three groups were indistinguishable
(Figure 1B). In contrast to releases carried out at 8 km (Figures
2A and 2C), when the mean bearings of the two experimental
groups (NV versus NO) from releases carried out at 24 km
were plotted as deviations from the mean bearing of the
control group (Figures 3A and 3C), no differences were found
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For description of symbols, see Figure 2.
(A) Orientation of novel odor (NV) group.
(B) Controlward components.
(C) Orientation of no odor (NO) group.(direction: Watson U2 test, U2 = 0.119, p > 0.05; concentration:
Wilcoxon matched pair test, z = 1.54, p > 0.05). These findings
are consistent with previous work showing a decrease in reli-
ance on route-based cues and an increase in reliance on
site-based cues (which were the same for the three treatment
groups) as pigeons gain the experience necessary to develop
a site-based navigational map [10, 18, 19]. However, an effect
of increased release site distance on the response to olfactory
cues cannot be excluded. Experiments are now underway with
experienced pigeons to determine whether exposure to olfac-
tory cues at unfamiliar release sites has activational effects on
the use of site-based map information.
In addition to the effect of olfactory exposure during
displacement on the ability of pigeons to determine the home-
ward direction, which was only observed in the releases
carried out at 8 km (Figure 2), at both 8 km and 24 km there
also appeared to have been a nonspecific effect of the sudden
change in olfactory cues experienced by the two experimental
groups prior to release (i.e., the change from no odor or novel
odors to natural odors). In both the 8 km and 24 km releases,
the two treatment groups exhibited longer vanishing times
than controls (Table 1). In addition, both experimentaltreatment groups exhibited greater scatter around the mean
vanishing bearings (r values) in the individual releases at
8 km (Wilcoxon matched pair test: CO versus NV, z = 2.52,
p < 0.05; CO versus NO, z = 2.52, p < 0.05; NV versus NO, z =
1.54, p > 0.05), as did the NO treatment group at 24 km (Wil-
coxon matched pair test: CO versus NV, z = 1.54, p > 0.05;
CO versus NO, z = 2.52, p < 0.05; NV versus NO, z = 1.54, p >
0.05) (Tables S1 and S2). When released at an unfamiliar loca-
tion, pigeons typically spend several minutes circling the
release site. Longer vanishing times may cause pigeons to
stray further from the release site before initiating their ‘‘depar-
ture’’ flight, resulting in greater scatter of individual vanishing
directions (from the perspective of observers at the release
site) without causing a shift in the mean vanishing bearing of
the group. Importantly, however, in the 8 km releases,
although the NO and NV groups were both deprived of natural
odors during displacement and had the same exposure to
natural odors at the release site, only the mean vector bearings
of the NV group were homeward oriented and indistinguish-
able from those of controls (Figure 2A). These finding indicate
that the primary effect of exposure to olfactory cues during
displacement is activational and that the navigationalTable 1. Homing Performances
Vanishing Bearing Homeward Component Vanishing Time Homing Time
Group Comparison Group Comparison Group Comparison Group Comparison
n a r p CO-NV CO-NO NV-NO h CO-NV CO-NO NV-NO min:s CO-NV CO-NO NV-NO hr:min CO-NV CO-NO NV-NO
8 km
CO 8 25 0.65 *** NS * NS 0.65 * * * 3:39 * * NS 0:32 NS NS NS
NV 8 24 0.43 ** 0.43 5:10 0:44
NO 8 226 0.23 NS 0.21 4:21 0:41
24 km
CO 8 8 0.64 ** NS * NS 0.63 NS * NS 3:20 * * NS 1:13 NS NS NS
NV 8 9 0.55 ** 0.55 4:28 1:13
NO 8 23 0.44 ** 0.44 4:15 2:04
Vanishing bearing of the grand mean vector is given with number of releases (n), direction (a), vector length (r), and significance (p) indicated by asterisks.
Group comparison statistical test is given pairwise, with CO representing the control group, NV representing the novel odors group, and NO representing the
no odor group. Significance levels are given by Hotelling’s test for vanishing bearing and by Wilcoxon matched pair test for the other parameter compar-
isons. ***p < 0.001, **p < 0.01, *p < 0.05. NS, not significant.
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home direction is derived from nonolfactory path integration
cues acquired during displacement from the home loft.
Because much of the support for the olfactory map hypoth-
esis has come from other experiments showing changes in
orientation and/or homing success in animals exposed to
altered olfactory cues [3, 4, 6–8], the present findings suggest
the importance of repeating these experiments incorporating
additional controls to distinguish navigational and nonnaviga-
tional effects of olfactory cues [4, 9, 20, 21; unpublished data].
Activational Effects of Odors in Other Vertebrates
Although comparable experiments have not been carried out
with other vertebrates, related research suggests that activa-
tional effects of odors on nonolfactory spatial perception are
widespread. For example, mice use nonolfactory (visual and
inertial) cues for path integration but fail to do so if they are
exposed to their nest odor, rather than nonhome odors, during
displacement [22]. In salmon, during the freshwater phase of
migration, adult fish swim upstream against the current (rheo-
tactic orientation) when exposed to water containing odors
from the natal stream but return back downstream when
exposed to water without natal stream odors [23]. This activa-
tional effect of odors on the response to nonolfactory direc-
tional cues, i.e., direction of water flow, enables adult salmon
to find their way through complex river systems to the natal
stream [23].
Conclusion
In conclusion, our findings show that the effect of atmospheric
odors on the path integration mechanism of young homing
pigeons is activational, causing birds that rely on route-based
map information to acquire nonolfactory directional informa-
tion during displacement to release sites necessary for
homing. Further work is needed to investigate activational
effects of olfactory cues on path integration systems in other
vertebrates.
Experimental Procedures
Experiments were carried out with pigeons housed at our loft at the Herdade
da Ribeira Abaixo field station (3806’N; 836’W), 8 km south of Grandoˆla,
Portugal. The experimental loft (2 m 3 2 m 3 2 m) was at ground level
with four windows, one in each wall, allowing a full view of the surrounding
area. Young pigeons at the age of 3–4 weeks were placed in the experi-
mental loft and were allowed spontaneous daily flights from the loft. A
commercial multigrain food mixture was provided once a day, in the
evening, and water and grit were provided ad libitum.
When pigeons were 8–10 weeks of age, they were divided into three
groups and transported to the release sites inside airtight Plexiglas boxes
(0.9 m3 0.5 m3 0.3 m). A control (CO) group was exposed to natural odors
during the outward journey by means of a plastic tube connected to an intake
funnel outside of the car (the car’s movement forced air into the intake fun-
nel), a no odor (NO) group was exposed to synthetic bottled air (ref. Ar Medic-
inal, 78% N2, 22% O2, from Air Liquid; see Table S3 for additional information)
during transport, and a novel odors (NV) group was exposed to synthetic
bottled air with a fixed sequence of artificial odors (a new odor was presented
every 5–6 min during displacement to the release site). In the two experi-
mental groups, synthetic bottled air was given at a rate of 500–700 l/hr. In
the NV group, the same sequence of artificial odors (lavender, camellia,
eucalyptus, rose, and jasmine) was used en route to each of the release sites.
At the release site, the control group was placed in an open cage with free
access to natural odors for at least 30 min prior to release, whereas the NO
and NV birds were maintained in the synthetic air. The NV group was left in
the last odor that they experienced during transport.
The release sites were located in the cardinal directions at distances of 8
and 24 km from the loft. Distance from the home loft was increased in the
second series of releases to ensure that the birds were new to the releasesites even if familiar with the area. Pigeons were released only once at
each release site but were used in additional releases at other sites in
different experimental conditions (for additional information, see Supple-
mental Data). Releases were carried out under sunny conditions. Birds
were released singly, one from each group in turn, and their flight was
observed via 103 40 binoculars until they vanished from sight. The vanish-
ing bearing was recorded with a compass, and the vanishing time was
recorded with a stopwatch. Homing times were also recorded by a second
observer at the home loft.
Directional data were analyzed for each sample and were characterized
by the mean vector (direction am and length rm), the deviation of the mean
direction from the home direction (Dh), and the homeward component (h,
where h = r 3 cosDh). The significance of the mean vector was determined
via Rayleigh test. The V test was also used to calculate the significance of
the homeward component in the three treatment groups in each release.
The differences in the median vanishing intervals and the homing times
of the three groups were evaluated via Mann-Whitney U test.
For the second-order analyses, Hotelling’s test was used to determine the
significance of the grand mean vector distributions. Comparisons between
groups were performed via second-order Hotelling’s two-sample test. Wat-
son U2 test was used to test for difference in the distributions of mean bear-
ings. Second-order analyses of homeward component, controlward
component, vanishing times, and homing times were performed via Wil-
coxon matched pair test. For more detailed information, see [24, 25].
The present research adhered to the current laws of Portugal on animal
welfare (license no. 39086 from the Federac¸a˜o Portuguesa de Columbofilia)
and complies with the Portuguese law for animal studies, DL 129/92, a tran-
scription of European Guideline 86/609/CEE for animal studies.
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The Supplemental Data include Supplemental Experimental Procedures
and three tables and can be found with this article online at http://www.
current-biology.com/supplemental/S0960-9822(09)00898-7.
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